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Collaborators
• IIT brings its research is team led by Prof. Darsh Wasan and Alex 

Nikolov (Research Prof.) along with graduate students. 
• IIT has been working with SRNL since 1996 to develop better 

antifoams for processing HLW in the Defense Waste Processing 
Facility and the Alternate Sludge Processing.  

• IIT had a previous EMSP grant for fundamental foam chemistry that 
led to the development, deployment and demonstration of better 
antifoam formulations for SRS-DWPF sludge receipt and adjustment 
tank process (SRAT).

• SRNL brings researchers led by Bond Calloway, Mike Stone and  Dan 
Lambert along with facilities that allow testing of simulants and 
radioactive waste critical in the understanding of what causes the foam. 
Bond, Mike and Dan have close ties to the SRS and Hanford facilities 
that will use the antifoam in their processing. 
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Site-specific problems
• Hanford Waste Treatment Plant –

Foaming in Evaporators
– Excess Carryover of Waste 

in Condensate Systems

• SRS DWPF – Air Entrainment 
(Foaming) During Sludge 
Pretreatment

– Causes Pumps to Lose 
Prime

– Limits Melt Rate/Canister 
Production RateAdds
Excess Water  Foam in 

AN102
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Hanford Tank Sample AN104 Foaming 
During Cross Flow Filtration

EMSP Researchers
Consult on Emergent 
WTP Problems

AN 104 suspensionflow

supernatant flow

supernatant flow

bubbles

bubbles
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Scientific concept and objectives
• The objectives of this multidisciplinary, multi-

organizational research effort are to develop a 
fundamental understanding of the chemical and 
physical mechanisms that produce foaming and 
gas entrainment in the DOE High Level (HLW) 
and Low Activity (LAW) radioactive waste 
separation processes and to develop and test 
advanced antifoam/defoamer agents and 
rheology modifiers
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Summary of the Work Accomplished 
under DOE Grant # DE-FG07-01FR14828

Task 1. Determination of the fundamental mechanisms
which cause Hanford and Savannah River sites
wastes to foam in an evaporator

q Foaminess caused by surfactants
q Foaminess caused by particles
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Key Results
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- Experiment Conducted at 
Request of WTP 
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Foam Lamella Stabilized by Amphiphilic Particles 
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 A schematic of the Capillary Force Balance for studying the 
bubble/bubble interactions in the presence of sludge particles  

CAPILLARY FORCE BALANCE

objective

DI 
microscope

IMAGE
ANALYZER

VCR

Max Zhender
interferometer

CCD camera

recorder photo-
multiplier

fiber 
optic

bubbles holder

thermo-
jacket

beam 
splitter

TIME

FI
LM

 
TH

IC
K

N
ES

S

piston
pump

HYDROPHOBIC

HYDROPHILIC
PART

PART

SLUDGE
Air 

SLUDGE

    AIR 
BUBBLE

SLUDGE

PARTICLES

air
bubble

air
bubble

Bi-philic particles

1A

1B

1C



11

Work accomplished under DoE Grant
• Fundamental Research into the particle structuring phenomenon

in the confined geometry of a film also lead unexpectedly to a
new mechanism for soil remediation

This work is described in our paper published in the journal
Nature in 2000 entitled “Spreading of nanofluids on Solids”,
D. T. Wasan and A. D. Nikolov, Nature, 423, 156-159 (2000)
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Work Accomplished

Task 2. Development and deployment of two new
antifoam agents for the Defense Waste
Processing Facility Sludge Receipt and
Adjustment Tank process, and HLW radioactive 
salt disposition at the Savannah River Site.
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FOAMINESS OF 25 WT%

Effect of antifoamers on foaminess with time

Background: EMSP Antifoam Deployed Using Research Techniques
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Site Remediation Users Meeting Held
• Focus on Air Entrainment/Foaming in Sludges – DWPF User 

Request
• Hanford WTP User Requests

– Impact on oxalate on foaming
– Impact of fluidic mixture on high solids
– Impact of permanganate (Sr/TRU precipitation) on 

foaming
– Difference between real waste and simulants
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Research Plans
• Establish the effects of soluble and insoluble inorganic components 

and organic complexants on gas entrainment, foam formation and 
microrheology in alkaline and acidic wastes matrixes

• Develop a fundamental understanding of the effect of the interaction of 
soluble and insoluble waste components on the macrorheology 
modifiers on simulates of radioactive wastes

• Develop and test advanced antifoam / defoamer agents and rheology 
modifiers on simulates of radioactive wastes

• Conduct process simulation testing and comparison of advanced 
rheology modifiers/antifoams with commercial and baseline rheology 
modifiers/antifoam technology using simulants and radioactive waste.
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Fig.4 (b) A sketch illustrating the principle of shearing-
type reflected light differential interferometry and a 
photograph showing the interference pattern

Order of interference

Compression or suction
Dispersion

Microscope objective

Transmitted light
Drop holder

Fig.4 (a) A sketch of the capillary force balance for studying dispersion 
structure stability

Splitting 
distance

Splitting image of the  
meniscus surface

d
Z(x,y)Z’(x,y)

Interference patterns as a result of image splitting



18

Movie depicting the slurry particle texture versus capillary pressure, and the yield 
pressure threshold transition in the SRAT slurry particle texture
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Color Image 8.  Diffraction patterns due to particle 
structure in DWPF SRAT (a) and SME (b) products. 
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Without 
Rheology 
Modifier –
Flocculated 

Particles

Laser Scanning Confocal Microscope allows direct visualization of slurry 
particles-bubble-liquid-gas structuring and provides understanding about 
correlation between macrorheology and microrheology. 
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XYZ - Piezo scanner

cantilever-
type spring

probe tip

laser beam 

Deflection sensor

Feedback-loop

Atomic Force Microscopy to study particle-particle and 
Gas-liquid-solid interactions
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12a 12b

Color Image 12.  Method to quantify air entrainment in sludge 
suspension.  (a) SRAT sludge inside the chamber at atmospheric 
pressure; (b) SRAT sludge inside the chamber at partial vacuum. 

air 
bubbles
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SRS DWPF/HLW 
John Occhipinti/

Hanford 
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Fred 
Damerow

Current collaborations
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EMSP 
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Oakridge Hanford 
RPP Tank 
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INEEL
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EMSP IIT - SRNL Research Team 
continues to Advance Basic Science 

that solves Applied problems
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With FRIT Without FRIT
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(a) (b) (c) (d)

Pocketed
water

Fig 7. Photos depicting the SRAT slurry batch settling after four days versus
modifier Dolapix CE-64 concentrations
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(a) (b)

Fig 15. Photos of the frit particle distribution: (a) frit with irregularly-shaped
particles manufactured by Fusion Ceramic, Inc. (b) frit with spherical particles
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irregular-shaped frit particles and the SME slurry containing spherical particles
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Gas-Liquid-
Solid 
boundary

Color Image 9. Two-dimensional laser scanning confocal
microscope image of SRS HLW TPB Slurry.
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Key Results – Simulated AN102
•Foaminess of Hanford 
Simulants Caused by 
Particle Induced 
Stabilization of Foam 
Lamela Aggravated by 
Organics at High Na 
Concentration
•At Low Na 
Concentration 
Foaminess Caused by 
Surfactant
•More Work Needed to 
Identify Surfactants in 
Waste 

Foaminess of AN-102 Simulant
 (Atmospheric Pressure flux-1.2 kg/min sq.m)
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a b
Figure 20

Technique to quantify air entrainment in SRAT slrurry. 
a. SRAT srlurry inside the chamber at atmospheric pressure
b. SRAT slrurry inside the chamber at partial vacuum
As a result of decrease in pressure the primary air bubbles trapped 
in the srurry grow in size 

    air 
bubbles

atmospheric
pressure

partial
vaccum
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SUMMARY SUMMARY 
A reduction of 30 % in the SME slurry yield stress occurs when
the rheological modifier Dolapix CE-64 at 4000 ppm is added. 

In the presence of rheological modifier Dolapix CE-64 the 
SRAT gel-like particle structure breaks and becomes floc-like.

The presence of Dolapix CE-64 in SRAT slurry didn't affect 
foaminess during boiling. However, the presence of Dolapix CE-64
with IIT 747 (at 400 ppm) acts as an antifoam booster slightly 
decreases slurry foaminess.  

A novel method to evaluate the air/gas entrainment in SRAT  
and SME slurry processes is proposed.

A reduction of 30 % in the SME slurry yield stress occurs when 
the frit irregularly-shaped particles are replaced with the 
spherically-shaped particles. 
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a b dc e f

Color Image 6. Sequence of microphotographs depicting the 
evolution of the SRAT sludge internal structure in the presence of 
a rheology modifier.
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Work accomplished under DoE Grant
• Fundamental Research into the particle structuring phenomenon

in the confined geometry of a film also lead unexpectedly to a
new mechanism for soil remediation

This work is described in our paper published in the journal
Nature in 2000 entitled “Spreading of nanofluids on Solids”,
D. T. Wasan and A. D. Nikolov, Nature, 423, 156-159 (2000)
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Development of advanced laser-scanning
confocal microscope technique that allows
understanding of the particle-particle and
gas-liquid-solid interactions in simulated DOE
wastes.
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•Foam is most severe while boiling the radioactive sludge waste.
- Boiling causes generation of water vapor
- Higher reaction rates generate more gas
- Solids present stabilize foam.

•During processing, water pH ranges from 12 to 14.
-Commercial antifoams ineffective
-Antifoams degrade

When is Foam a Problem?
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Key Results

Foaminess of WTP LAW 
Submerged Bed Scrubber 
Recycle Solution
- Experiment Conducted 
at Request of WTP 
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JULY 2002
Interim report
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Figure 3: Effect of 2800 ppm of antifoamer DOW 1520 US on AN-102 (A)
(Pressure 110 mm Hg, temperature 550 C, flux ~ 1.2 kg/min sq.m) 

0

100

200

300

400

500

0 20 40 60 80 100

Total Solids Concentration (%wt)

%
 F

oa
m

in
es

s

with 2800 ppm
 antifoamer 
DOW 1520 US

without antifoamer



46

Figure 4: Effect of 2800 ppm of antifoamer Q2-3183 A on AN-102 (A)
(Pressure 110 mm Hg, temperature 550 C, flux ~ 1.2 kg/min sq.m) 
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Tank 48.  Type III
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Jet Pump Operation
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Work Accomplished

Task 2. Discovery that LAW waste recycle in the
Waste Treatment Plant may foam during
evaporation. These recycles (99% water) were
originally believed to be simple and easily
processed.
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           Pictorial representation of destabilization by amphiphilic particles
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Color Image 5. A sketch of the capillary force 
balance for studying dispersion structure stability.
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Sequence of microphotographs depicting the slurry particle texture versus
capillary pressure, and the yield pressure threshold transition in the SRAT slurry
particle texture
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Fig 6. Sequence of microphotographs depicting the yield pressure threshold transition
in the SRAT slurry particle texture in the presence of 4000ppm Dolapix CE-64
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Operating Mode:- Wash In-board
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Without 
Rheology 
Modifier –
Flocculated 

Particles

Color Image 10 - Three-dimensional Representation of Simulated AZ102 
Envelope D Slurry - Dashed Circle Shows Examples of Large Flocculated 
Particles.
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Movie depicting the yield pressure threshold transition
in the SRAT slurry particle texture in the presence of 4000ppm Dolapix CE-64
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With 
Rheology 
Modifier –
Dispersed 
Particles

Color Image 11 - Three-dimensional Representation of Simulated 
AZ102 Envelope D Slurry with 1000 ppm CTAB - The micrograph 
shows dispersal of AZ102 sludge into fine particle suspension. 


